Am ong scientific societies, the Chemical Society, o f which he was three times (1946-1949, 1950-1953, 1954-1957 
Grom which it was concluded (i) that the strengths o f carboxylic acids were generally increased by the presence o f a double bond, the effect diminishing with recession o f the double bond from the carboxyl group and being modified in the expected manner by alkylation, and (ii) that J "-double bonds caused a considerable decrease in acid strength, owing to conjugation with the carboxyl carbonyl-group.
A n important group o f papers (22, 30-32, 48-50, 52) dealt with the lactonization of, and addition o f hydrogen bromide to, olefinic acids, including not only A*-and J & -acids but also some w ith double bonds more distant from the carboxyl group. It was shown that, providing a y-alkyl group is present, both A*-and A p-acids give the y-lactone on treatment with cold 60% sulphuric acid, acid-catalysed isomerisation preceding lactonization: 
with:
Me2 C:CH.CH2 .CH2 .C 02 H -► Me2 C.CH2 .CH2 .CH2
I I O-------------CO <$-lactone
The latter system was remarkable in that an equilibrium mixture o f 8-lactone and A y-acid was obtained by merely heating either component 200 °G; similar ring-chain tautomerism was later observed (50) with 3-methyl-cyclohex-2-ene-carboxylic acid.
As expected, the addition o f hydrogen bromide to J "-olefinic acids gave only the /3-bromo-acid. Addition to A^-and ^JY -acids without terminal alkyl groups, in the absence o f solvent or in polar solvents such as ether, gave the expected /3-and y-bromo-acids, respectively; again as expected alkylation on the terminal (/?-or y-) carbon atom reversed the direction o f addition. Unexpectedly, however, the direction o f addition to A®-and d Y -acids was solvent dependent, the terminal bromo-acids being produced in hydrocarbon solvents such as toluene and hexane: 
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The chemistry o f fused carbon rings
Linstead's first three papers (38 to 40) on this subject appeared in Ju ly 1934. T hey mark a breakaway from the work on tautomerism, w hich was by now becom ing rather hackneyed, and an entry into a com pletely new field. T he work arose from H ilckel's work on the stereochemistry o f the decalins and hydrindanes and the intention was to explore the stereo chemistry o f the 0,3,3-bicyclo-octanes from m uch the same point o f view. Part I o f the series describes the synthesis o f the cis and trans forms o f c y c lo p e n ta n e -1,2 -d ia c e tic a c id a n d th eir co n v ersio n in to th e cis-a n d 0 , 3 ,3 -b ic y c lo -o c ta n -2 -o n e s: C ydization o f the dr-diacid, to the dr-ketone, was m uch easier than that o f the franr-diacid, a finding w hich was ascribed to the relative instability o f the strained /raiw-ketone as compared w ith the strainless dr-ketone. Part II describes the synthesis o f the isomeric cis-and £ra«r-cyclopentane-1 -carboxylic-2-propionic adds; in this case both acids gave the same, more stable, dr-ketone: o cis only cis and trans
R eginald P atrick Linstead
The configurations o f all three bicyclo-octanones were established by their oxidation to the corresponding Gg dicarboxylic acids o f known configuration and confirmed by measurement o f the molar refractivities o f the ketones and the hydrocarbons obtained from them by reduction. As in the decalin series only one form o f the 1-ketone is stable but this is the dr-, not the compound as in the decalin series. In Part III it was shown that the an hydride o f dr-cyclopentane-1 -carboxy-2-acetic acid was more stable than that o f the trans, again in conformity w ith expectation and in line w ith the work o f Windaus and Hiickel on the corresponding cyclohexane derivatives; in this case an equilibrium between the two stereoisomerides was set up at 240 °C:
These conclusions were confirmed and extended in six later papers (53, 56, 58, 60-62). In Part V I (56) fra/w-cyclopentane-1,2-diacetic acid was resolved and the enantiomorphs cyclized to an optically active ketone which gave an inactive, internally compensated hydrocarbon on Clemmensen reduction:
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A similar series o f transformations was carried out with the enantiomorphous m-diacids, but in this case both the bicyclic ketone and the bicyclic hydro carbon were optically active since the latter lacks the symmetry o f the /rawj-isomeride. This elegant stereochemical work affords a direct absolute proof o f the configurations assigned to the bicyclo-octane derivatives and an indirect proof also o f the configurations o f the cis-and ^mw^-hydrindanes and decalins.
Measurements o f the heats of combustion o f the cis-and 0,3,3-bicyclo-octan-2-ones (53) and o f the cis-and £r<mr-0,3,3-bicyclo-octanes (61) showed that the m -compounds were more stable than the trans by about 6 kcal mol-1, the tfra/w-compounds being thus about as strained as norcamphane, as had been predicted by Hiickel in 1931. In a later paper (61) it was pointed out that, unlike the decalins, 0,3,3-bicyclo-octane could not be dehydrogenated to an aromatic structure (pentalene) and neither could the m -com pound be isomerised to the trans by means o f aluminium chloride (see also ref. 62).
In a discussion (53) of these results, Linstead concluded that in m -0,3,3-bicyclo-octane the two five-membered rings were planar, whereas in the £ra/w-compound the rings were both non-planar. H e ascribed the instability o f the £ra?w-compound solely to strain resulting from distortion o f the tetra hedral carbon valency angles in this, and not in the cis, compound. He, unfortunately, rejected HiickePs suggestion that a part o f the strain might be due to interatomic repulsions; had he not done so, conformational analysis might have been developed fifteen years earlier than it w as! A further group o f seven papers (58, 59, 74, 75, 81, 92, 93) in this same general series is concerned with the formation o f cyclohexene rings by the cyclo-dehydration of d 3-butenyl alcohols, e.g.
An attempt was made so to extend this to the d s-pentenyl series, but the desired cyclization failed: In these first six papers the main outlines o f phthalocyanine chemistry were established. It was shown that metal phthalocyanines were produced when 0-cyanobenzam ide or, better, phthalonitrile were heated with many metals or their salts. The preparations o f copper and magnesium phthalo cyanines were studied in detail and good methods worked out for their preparation and for the conversion o f the magnesium pigment into metalfree phthalocyanine by the action of cold concentrated sulphuric acid; the metal-free compound was also obtained directly by heating phthalonitrile with elementary antimony or with sodium amyloxide. The metal-free compound was converted into metal derivatives by heating with magnesium or copper. Elemental analysis showed that the molecular formula o f phthalo cyanine was (C8H 4-5Na)"; an ebullioscopic molecular weight determination on the magnesium compound in molten naphthalene showed that n in this formula was 4. The metal content of the magnesium and copper derivatives showed that each contained one atom o f metal.
Consideration of the mode o f formation o f the pigment and its degradation by nitric acid to phthalimide ammonium nitrate led Linstead to three possible formulae (II), (III) and (IV ), o f which the first recalls the bile pigments and the other two, the porphyrins:
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O f these (III) was clearly the most satisfactory since it most closely resembled the porphyrins, the great stability of which was shared by the phthalo cyanines, and accorded best with the reactions with metals to give, for example, copper phthalocyanine (V) with the expulsion o f two protons.
A distinction between these possibilities was achieved by a careful quanti tative study of the oxidation of phthalocyanine and its magnesium derivative with ceric sulphate. Exactly one atom of oxygen is consumed with the formation and was indeed observed with the free compound and its magnesium derivative; only one isomer was obtained homogeneous and its detailed structure was not determined with certainty, although it was believed to be (V I). The remaining papers ( T he Imperial College attached great importance to laboratory work and undergraduates in the Department o f Chemistry spent the whole o f their tim e, when not at lectures or attending courses in other Departments, in the chemical laboratories. The organic course, supervised by D r ; W hiteley, was a full and rigorous one; demonstrating was no light task I and those engaged in it were expected to spend their whole time actively ; teaching. Linstead, who was for six or seven years defacto second in command o f the organic teaching laboratories and who took over from Dr W hiteley j when she retired, was an excellent practical teacher and extremely conscien-; tious in this aspect o f his teaching work. He assisted, in 1932, in the production t o f a duplicated manual o f preparative organic chemistry which was, unfortunately, never published. A t abou t the same tim e he w rote a m an u al o f qualitative organic analysis, w hich was a great im provem ent on the published books on the subject available a t th a t tim e; after being in use for ab o u t 25 years, this was eventually published in an expanded form (A guide to qualitative organic chemical a n a l y s i s , R . P. Linstead an d B B utterw orths, 1956).
T h e years in bet w e e n , [1938] [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] Linstead did not publish any com m unication in the scientific literatu re during his brief sojourn a t Sheffield. His first two works a t H arv ard rep re sented for him an unexpected detour into carbohydrate chemistry. C ontrary to earlier literature he showed th a t 3 a-hydroxy and 3 /3-hydroxy-cholestane w ould form both a-and /3-glucosides, w hich were thoroughly characterized (100). H e also recorded a new crystalline form of sucrose octa-acetate (101). A brief note (103) in collaboration w ith Professor O . K rayer, described the effect of ascorbic acid on the isolated frog heart.
T h e most im p o rtan t work th a t Linstead carried out a t H arv ard was his extensive studies, in particu lar w ith W. von E. D oering, on the stereo chem istry of the catalytic hydrogenation of arom atic com pounds of the phenanthrene, or derived phenanthrene, type (104-110, 117, 118) . A n im p o rtan t theoretical principle, th a t 'w hen one or m ore arom atic rings are hydrogenated during a single period of adsorption, the hydrogen atom s add to one side o f the molecule' was enunciated (104). This generali zation, frequently cited in organic chemistry, is m ore usually referred to as the 'principle of m -ad d itio n ' during catalytic hydrogenation. This thorough and elegant H arvard research involved the p reparation an d assignment of stereochem istry to all the possible optically inactive perhydrodiphenic acids as well as their relationship to all the possible optically inactive forms of perhydrophenanthrene.
Linstead planned a series o f H arv ard papers on the p rep aratio n and properties of unsaturated lactones. However, the in terruption of the w ar years allowed only two such com m unications from H arv ard and both were published a t a m uch later date (119, 120). T he series of papers was, however, ably continued a t Im perial College (see below ). This H arv ard work brought Linstead a post-doctoral collaborator, W. S. Johnson, who later becam e famous as a chemist and as a wise adm inistrator o f the Stanford Chem istry D epartm ent. O riginal work was not possible for Linstead during his w ar-tim e years in London, b u t after he becam e D irector of the C .R .L . he was able to complete significant studies related to the characterization of u ran iu m and other m etal ions by means of paper chrom atographic techniques (111) (112) (113) 115) . Linstead was a delightful person to collaborate with. His keen and perceptive mind kept one alive and somehow he made one feel one was making a significant contribution. W ith students he was popular, and with his great, established chemical reputation there was no shortage o f enthusiastic research workers. Linstead achieved many changes but he never made changes unnecessarily. Always he sought preliminary discussion with the individuals concerned before making his decisions so that those affected were ready to co-operate, even though their views had not necessarily been followed. Linstead was diplomatic and always exhibited a great good sense. His organizing and administrative skills were outstanding and his leadership was enthusiastically followed.
It seems appropriate to his memory to digress a little here. He was essen tially intensely human and understanding. H e not infrequently invited staff and students to his home and there, with the help o f his charming wife, a very good time was had by all. H e almost invariably lunched with his colleagues, and a communal tea became an institution. At these times, talk was sometimes very far ranging, but he mostly used these opportunities to discuss chemistry and effect departmental business, with a useful saving in everyone's time. Formal staff meetings were thereby largely rendered unnecessary. His passion for chemistry was intense and infective. H e walked round the various teaching and research laboratories frequently, to talk chemistry with staff and students. The times were quite unpredictable.
As a result he observed and came to know his department as it really was.
Am ong the first researches taken up by Linstead on his return to Imperial College in 1949 was an investigation and extensions thereof (with J . A. Elvidge) into the geometrical forms o f the muconic acids (I). T he all and all-m forms had long been described. W hat had not been appreciated was that the latter form isomerized on recrystallization into the form, which was also available via elimination ring-opening with alkoxide o f y-carbomethoxymethyl-.da-butenolide (II). The third muconic acid ( In the planning o f this expansion, which began forthwith, Linstead took a prominent part. As a Dean, he had special concern with the preparation o f the 'academic plan' : he stressed the need to maintain a proper balance between science and technology, and brought in the idea o f identifying scientific 'growing points* likely to be of fundamental importance to future technological developments. His close association with this work, including the initial planning o f the physical expansion of the College, was clearly among the many qualifications that commended him to the Governing Body when they had to fill the vacancy in the office o f Rector caused by the sudden death o f Sir Roderic H ill in October 1954. In offering the post to Linstead they did not hesitate to break with tradition: no previous Rector had been appointed from the academic staff. In accepting the appointment from 1 January 1955, Linstead took over the main responsibility for the implementation o f the expansion plans and for their subsequent modi fication and extension.
As an undergraduate Linstead had shown such exceptional talent as an amateur actor that he had had to chose between the stage and chemistry. His love o f the theatre never left him and he had a fine appreciation o f a well-acted, well-written play. His own remarkable sense o f timing in making points in an argument may well have derived from his sense o f theatre. In any case, one o f the opponents in a negotiation o f importance to Imperial College once said 'he could charm a bird off a twig*. But his mastery o f a subject for discussion was mainly related to sheer care in appraisal. He collected his facts, put them in order and then, in the pleasantest possible manner, stuck to his point o f view. H e showed pleasure when others came round to his conclusion at the end o f the discussion. H e used his knowledge always as a conciliatory gift. All these vital human qualities o f Linstead were used to the full in the great growth and change which came about at Imperial College during his Rectorship. When he died, Linstead left Imperial College greatly increased in size and in international repute. Physically, it had been largely reconstructed on a much bigger site; many fine new buildings with some o f the best m odem equipment had been provided. Academically, its work had been extended in range, especially at postgraduate level, and had advanced further in quality. Socially, its life had been enriched, not least by a more than six fold increase in the number of students living in Halls o f Residence. It was largely through his inspired leadership and determined effort that all this had been achieved.
Imperial College was indeed fortunate in having as Rector, in this critical period o f its existence, a man who had already achieved such distinction as a scientist, an educationist and an administrator; who could offer such a rare combination o f personal qualities and talents, matured by varied experience; and who was prepared to dedicate himself so whole-heartedly to its service.
Linstead had vision and imagination, sound judgem ent and good common sense-and an immense talent for organization. H e had abounding energy, and by harnessing it purposefully he was able to carry on effectively a great number o f varied activities at the same time and to bear cheerfully a heavy load o f responsibility. H e worked at high efficiency. H e wasted no time on things that did not matter but used it generously on those that did.
In the period o f rapid expansion o f Imperial College, decisions on many things had to be left at some stage to the Rector's discretion. Linstead was always prepared to take such decisions and to accept responsibility for acting upon them. H e recognized the need for keeping those who were not directly involved in policy In successive versions o f the academic plan, the fields o f study and re search in which the College might expect to promote rapid advances were delineated, and proposals were made for the additional professors and readers required to lead such advances. In co-ordinating these proposals and getting agreement on relative priorities, Linstead sought particularly to expand the research effort and to extend the range o f postgraduate courses, for which Imperial College was already renowned at home and overseas. He successfully encouraged developments in such interdepartmental fields as the science of materials, rock mechanics and computing science, as well as in such technologically related disciplines as economics and sociology. But his general policy was to retain the established system o f academic departments, and to avoid adding unnecessarily to their number. New chairs in transport, nuclear power, nuclear technology, soil mechanics, applied geochemistry, parasitology, statistics and industrial management, engineering and many other fields were set up within existing departments. In fact, the only new departments he created were those of biochemistry (in fact, a recreation) and the history o f science and technology, thereby raising the total number from 14 to 16. In his last year, however, Linstead had set up a 'centre for computing and automation* outside the depart mental system. It was a great disappointment to him that a scheme he had strongly supported for the incorporation o f the old-established School o f the Architectural Association into Imperial College had been held up on financial grounds.
It was characteristic o f Linstead that he did not seek to impose on depart ments a common system o f internal organization; they were too diverse in size and scope to make such conformity desirable. W hat he did was to stimulate individual departments to try out their ideas on such matters as extending staff consultations and improving staff-student relations, and to encourage others to adopt whatever seemed appropriate to their needs. W hile head o f the chemistry department he had him self experimented with a tutorial system for its undergraduates. Later, he successfully en couraged the spread o f such systems throughout the College, thus adding a new dimension to undergraduate teaching and helping to keep down the failure rate. H e took a special interest in the adaptation o f undergraduate courses to meet the needs o f students. H e was against the introduction o f new undergraduate courses in fields that did not constitute a broad basic discipline, believing that more specialized subjects were better studied in depth at the postgraduate stage.
Him self a man o f wide intellectual and artistic interests, Linstead had always been concerned to foster the development o f such interests among students. To avoid overloading undergraduate courses, he had been driven to conclude that it was best to build up further the programme o f 'general studies', established on a voluntary, extra-curricular basis by his predecessor. The large attendances o f students, undergraduate and postgraduate, at lunch-time lectures on a great diversity o f subjects, at concerts and art exhibitions, and at week-end discussions, showed that these provisions were appreciated. Also, in reorganizing the library facilities o f the College, Linstead sponsored the establishment o f a library for general literature, art and music, from which books and gramophone records could be borrowed.
In these and many other ways, Linstead strove to enable the College, despite the limitation o f its faculties to science and engineering, to turn out men and women who were not only highly trained and experienced in their professional fields but were also mature and well-rounded citizens. To this end, he was particularly concerned to improve the social amenities o f the College, and to carry students with him in doing so. 
